The C-Tepeat (CRT) dehydration responsive element (CRTIDRE) is a cis-acting DNA element, which stimulates transcription in response to low temperature and drought stress.
Introduction
Freezing temperatures cause significant losses in plant productiyity and thus limit the geographical distribution of plants. Under freezing conditions plants vary greatly in their ability to survive. Plants that originate from tropical regions have virtually no capacity to survive even under a slight freeze and, in contrast, plants from temperate regions generally survive under freezing temperatures (Thomashow, 1994) . This freezing toleranoe of plants in temperate regiens is not constitutively induced but is induced in response to low, nonfreezing temperatures. This phenomenon is known as cold acclimation (Thomashow, 1994) , Low temperature induces biochemical and physiological changes and alternations in gene expTession (Guy, 1990; Thomashow, 1994) . Most genes induced by low temperature encede eitheT newly discovered proteins such as the A, thaliana COR6.6fKIN2, COR15a and COR78/RD29a polypeptides or homologs to LEA (late-ernbryogenesis abundant) proteins such as A. thaliana COR47fRD17. These low-temperature-induced genes have been reported in many specjes (Thomashow, 1998) . Especially, COR15a was reported to enhance Reoeived; September 27, 2001. Accepted; February 27, 2002 . ' Comesponding author: Email: kitc@ruby.ocn.ne.jp freezing tolerance (hrtus et al,, 1996) . FuTther analysis of these low-temperatureinduced genes in A. thatiana led to the identificatien of a DNA regulatory element which was the Crepeat (CRT) dehydration respensive element (CRTfDRE) . Yamaguchi-Shinozaki and Shinozaki (1994) (Ishikawa and Sakai, 1985; Warmund et al,, 1988; Rodrigo, 2000) , the monitoring of freezing temperature (Kader and Proebsting, 1992; Kang et al,, 1998; Kaneda et al,, 2001 ), and the system of peroxide scavenging (Nakagawara and Sagisaka, 1984; Kuroda and Sagisaka, 1998) in the flower buds of woody plants including fruit trees have been reported, Our purpose is to investigate the relationship between the tolerance to freezing and the expression of multiple low temperature responsjve CRTIDRE-containing genes and their regulators in woody plants. In this study, we report the first isolation of the DREBIICBF homologous genes from Amplification was carried out at 94 ℃ for 1 niin, 55 OC for 2min, and 72 "C for 3min (30 times). A 6"1 aliquot of the PCR reaction mixture was ligated into the pCRII vector using a TA CIoning Kit (Invitrogen, Netherlands) followed by introduction into E. coli cells using the One Shot Kit ([nvitrogen, Netherlands) . The double-stranded plasmid DNA was purified and sequencing was carried out by the dye-terminator method The $ix positiye clones were purified by secondary and tertiary screenings, and finally one clone (named D21) was further analyzed. Fig. 2a indicates a restriction map of the D21 clone. DNA gel blot analysis was perfbrmed in order to outline the region enceding DREBIfCBF-like gene. A O,8 kb-Bam HI fragment and both the 4.8 kb -and the 2.4 kb-Bam HIASdc I fragments ( Fig. 2a ) that hybridized were subsequently subcloned and sequenced, In addition, the DNA sequences around the Bam HI or the Sbc Ijunction were also confirmed, A sequence of 8073 bp was finally obtained and analyzed. Since it was reported that the DREBIICBF genes have no introns (Shinwari et al., 1998), we performed the ORF-seaTch within this 8073 bp region, postulating that the DREBIfCBF-like genes of R avium may also have no introns. The three longest translated regions were found by the ORFsearch, Two of them had both an initiation codon and a terminal codon with a deduced size of 232and 240-amino acids and were designated as D2t4 (GenBank accession no. AB080965) and D2B (AB080966), respectively (Fig.   2 ), The other had a 130 amino acid long-translated region including a putative initiation codon but no termination eedon was found in this region because of an incomplete C-terminal region at the cloning site of the lambda phage vector. Therefore, it was designated as D2Ctr (truncated D2C, accession no. AB080967; Fig,   2 ). Although the full-length of the D2Ctr clone was not found, it is predicted that the three clones are tandemly arrayed over the approximate 8.0kb regien of the P, aviwn (IFig. 2a). A homology search indicated that the deduced amino acid sequences of the D2M, D2B and D2Ctr included a significant region similar to DREBIICBF. Each DREBIICBF protein (DREBIA/ CBF3, DREBIBf CBFI and DREBIC! CBF2; Stockinger et al., 1997; Gilmour et al., 1998; Liu et al., 1998) has a conserved DNA binding domain of 58 amino acids referred to as the EREBPIAP2 (ethylene response element binding protein/ APETALA2) domain (Ohme- Takagi and Shinshi, 1995; Weigel, 1995) , The ER-EBP/AP2 domain was also conserved in each deduced D2 protein (D2A, D2B, and D2Ctr; Fig. 2b ), A basic region in the N-terminal that might function as a nuclear localization signal was found in the D2 proteins (Fig, 2b) , and an acidic Cterrninal region that might act as an activation dornain for transcription was found in the D2A and the D2B protein (pls of 3,7 and 4.4, respectively). The D2A and the D2B were found to be 53% and 53.5% idcntical to DREBIB/CBFI, respectively. In addition, D2A was 53.2% and 53,4% identical to DREBIAI CBF3 and DREBICI CBF2, respectively, and D2B was 54.0% and 52,O% identical to DREBIAI CBF3 and DREBICI CBF2, respectively. However, the EREBP/AP2 conserved domain of the three deduced D2 proteins showed a more conserved identity (74-79%) with that of each DREBI!CBF (Fig. 2b) In the 5'-region of the three D2 regiens (D2t4, D2B, D2Ctr) typical TATA box sequences were predicted (Fig. 2c) . A further analysis of the 5'-region revealed the sequence motif CATGTGGC in D2A and the sequence rnotif CACGTGGC in D2B and D2Ctr which are similar to the G-box and ABRE-related sequences (T/CACGTGGII'C; Marcotte et al., 1989 , Yamaguchi-Shinozaki et al., 1989  Fig. 2c ). The motifs related to the MYB (Crl"AACNAIG; Biedenkapp et al,, 1988 , Nakagoshi et al,, 1990 ) and MYC recognition sites (CANNTG; Murre et al., 1989) were also found in the 5'-regions of the three D2 regions. A comparison among the 5'-regions of the three revealed that the (Fig. 3 ). Genomic DNAs frem R avium was digested with Sac I, because we expected to detect an about 10 kb and an over 3.0 kb band based upon the D21restriction map (Fig, 2a that the probe should recognize all D2 genes in R avium. Under the low-stringency hybridization condition, a 10kb band and three bands over 3,Okb were detected in PL avium, while several bands were detected in A, thaliana (Fig. 3 ), which display a very sirnilar pattern to that observed by Liu et al. (1998) , On the other hand, under the high-stringency condition, the same bands were detected as observed under the low stringency conditions in P. avium, but no bands were detected in A, thaliana (Fig, 3) . These results suggest that there may be a few additienal D2-related genes in the P, avium geneme otheT than D2 genes that we identified.
RIVA get blot analysis
The expTession pattern of the D2 genes was analyzed by RNA gel blot hybridization using the same prebe in the DNA gel blot analysis. A band was detected at O ℃ after 3hr and also strongly detected at -3 "C after 3 hr ( Fig. 4) . In contrast, no bands were detected under normal condition (Fig. 4) , This result suggests that the expression of one, twe or all ef three D2 genes was induced by the low temperature, This expression pattern by low temperature is almost similar to that of DREBI/CBF in A. thaliana (Liu et al., 1998) 
